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, Shuang-Jian Qiu 1,2 * (Norris et al., 1998; Gao et al., 2008) . γδ T cells can discriminate the host and pathogens by reacting rapidly towards nonpeptide antigens following infection and thereby activating the innate immune cells and facilitating the adaptive immune responses of αβ T cells. Recent date showed that these cells not only served as guards in the innate immune system but also acted as a bridge between innate and adaptive immune responses by performing multiple functions (Bonneville et al., 2010) . γδ T cells also played a prominent role in innate defenses against tumor formation by directly recognizing molecules expressed on cancer cells without antigen processing and presentation (Braza et al., 2011) . Liver, largely accepted as an immune organ, is one of the richest source of γδ T cells. γδ T cells account for 15% to 25% of total liver T cells both in normal mouse and human (Gao et al., 2012) . The percentage of γδ T cells in the liver was significantly increased in the tumor-bearing mice, which implied the prominent role of these cells in tumor surveillance (Born et al., 2006) . Our previous study found that the infiltration of γδ T cells in tumoral tissues was significantly reduced compared to paired peritumoral tissues, accompanied by impaired effector function (Yi et al., 2013a) . Patients with advanced HCC had even lower infiltration of γδ T cells in tumors compared with patients with early-stage HCC, which potentially indicated their possibility of prognostic value in HCC. Not surprisingly, we found the relative count of γδ T cells in tumors was associated with tumor recurrence by flowcytometry analysis. Then we further examined the prognosis value of the absolute counts of γδ T cells in HCC patients by tissue microarray and immunohistochemical staining in a cohort of 240 patients. Unfortunately, the result was meaningless either in tumor or peritumor tissues. This unconsistency had prompted our speculation on the related factors such as patient selection, the methods of antigen retrieval, number of cases and so on. Re-examining their prognostic value in HCC is urgently needed.
In the present study, we evaluated the infiltration of γδ T cells in the other larger HCC cohort of 342 patients by IHC staining with pressure cooking for antigen retrieval. Then we investigated the relationship between the absolute counts of γδ T cells in HCC specimens and the clinical outcome of the patient cohort. We found that less counts of γδ T cells in peritumoral liver tissue, but not in tumoral tissue, were related to higher incidence of recurrence in hepatocellular carcinoma patients after curative resection.
Materials and Methods

Patients and tissue specimens
Archived tissues were obtained for a cohort of 342 patients who received curative resection of HCC at the Liver Cancer Institute of Fudan University (Shanghai, China) between 2007 and 2008 after informed consent and approval by the Research Ethics Committee of Zhongshan Hospital (Fudan University, China). The inclusion and exclusion criteria are listed as follow: (a) confirmed pathologic diagnosis of HCC, (b) without preoperative anticancer treatment or sign of distant metastasis, (c) with integrated clinicopathological characteristics and postoperative follow-up data as described previously (Yi et al., 2013b; Wu et al., 2012) . The Barcelona Clinic Liver Cancer (BCLC) staging system were applied for clinical staging (Llovet et al., 2008) . Tumor differentiation was graded by the Edmond-son-Steiner grading system (Guo et al., 2001 ). Time to recurrence (TTR) and overall survival (OS) time were defined as the interval from primary surgical resection to the first recurrence or death, respectively.
Tissue immunohistochemical staining and evaluation
Tissue microarray (TMA) was constructed as described in our previous study . Triplicate of 1 mm core from two different areas, tumor center and nontumor tissues (over 1 cm away from tumor margin), was obtained for each case to ensure reproducibility of the staining.
A standard two-step protocol was applied with primary antibodies: mouse anti-human TCRG (1:200; ThermoScientific, Rochester, USA). MaxvisionTM2 HRP-Polymer anti-Mouse/Rabbit IHC Kit (Maixin-Bio Corp., Fuzhou, China) was used as second antibody.
Firstly, slides were deparaffinized in xylene and hydrated through a graded alcohol series, antigen retrieval was carried out in a pressure cooker (using a standard household model) with 0.1M EDTA (pH 8) for 9 minutes. Secondly, sections were incubated with primary antibodies at 4°C overnight after being placed in blocking solution to inhibit endogenous peroxidase activity and nonspecific background staining. Thirdly, sections were incubated with second antibody for 20 minutes at room temperature and developed with DAB for 3 minutes. Blank controls were treated identically except that the primary antibodies were omitted.
The positive γδ T cells were observed with the use of a computerized image system composed of camera connected to OLYMPUS U-CAMD3 microscope. Under high-power magnification (×200), the number of positive γδ T cells in each 1-mm-diameter cylinder was totally counted by two experienced pathologists who were blinded to the clinicopathologic data of the patients and expressed as mean value of the triplicates (cells/spot).
Statistical analysis
Statistical Package of the Social Sciences (SPSS) 17.0 statistical package was employed. χ 2 test , paired t test and independent samples t test were done as appropriate. Univariate analyses were done using the Kaplan-Meier method and compared by the long-rank test. Cox multivariate analysis was used to adjust for potentially confounding variables and to determine the independent prognostic factors. The "minimum P value" approach (Galon et al., 2006; Li et al., 2011 ) was used to get optimal cut-off value for the best separation between groups of patients related to TTR or OS. Significance was accepted when P < 0.05.
Results
Characteristics of the patient cohort
The clinicopathological characteristics of the patients are shown in Supplementary Table S1, of which the doi.org/10.7314/APJCP.2014.15.2 χ 2 tests for all the analysis; AFP, alpha-fetoprotein; γ-GT, γ-glutamyl transferase; OS, overall survival; TTR, time to recurrence; BCLC, Barcelona Clinic Liver Cancer; iγδT, intratumoral γδ T cells; pγδT, peritumoral γδ T cells median age was 53 years. There were about 89.18% of patients (305 cases) with hard evidences of hepatitis B virus (HBV) infection among the cohort. The median follow-up was 42.9 months (range, 0.43-61.83 months; SD, 18.8 months). At the last follow-up (March 31st, 2012), 158 patients had recurrence. 125 patients died of recurrence. The 1-, 3-, and 5-year cumulative recurrence and survival rates (in brackets) were 33 % (81%), 50 % (65%), and 59 % (60%), respectively.
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Expression of γδ T cells in tumoral and peritumoral tissues
We found that the positive cells, which were defined as brown-stained cell, principally scattered in the tumoral and peritumoral parenchyma (Figure 1a-d 
Correlations of γδ T cells and clinicopathological characteristics of HCC
The clinicopathological factors of HCC were analyzed related to the levels of the intratumoral and peritumoral γδ T cells. As shown in Table 1 , the number of γδ T cells was negatively correlated with tumor size grading both in tumoral and peritumoral tissues.
Prognostic significance of γδ T cells for HCC
By using the "minimum P value" approach, scoring value of 6 and 11 are the best cut-off value for intratumoral and peritumoral number of γδ T cells, respectively. On univariate analysis, the counts of peritumoral γδ T cells were related to both OS and TTR (Table 2, Figure 3a , b). We further performed multivariate Cox proportional hazard regression analyses, which enrolled clinicopathologic factors showed significant in univariate analysis, to reveal the independent prognostic role of γδ T cells. As expected, the levels of peritumoral T cells showed favorable independent prognostic value for TTR, but not for OS. Additionally, the counts of tumoral γδ T cells were related to OS in univariate analysis (Figure 3c ), but did not show independent prognostic value in HCC patients when evaluated by multivariate analysis.
Moreover, when stratified by clinicopathological factors, the level of peritumoral γδ T cells showed favorable prognostic role for TTR in patients with earlystage HCC (BCLC A) or patients without thrombi by univariate analysis (P = 0.003 and P = 0.015, respectively; Table 3, Figure 3e , f). In addition, similar results showed in the patients with one of other seven clinicopathological Note: Univariate analysis was calculated by the Kaplan-Meier method (the long-rank test). Multivariate analysis was done using the Cox multivariate proportional hazards regression model in a stepwise manner (backward, likelihood ratio). AFP, a-fetoprotein; 95% CI, 95% confidence interval; γ-GT, γ-glutamyl transferase; HR, hazard ratio; NA, not adopted; ND, no data; OS, overall survival; TTR, time to recurrence; BCLC, Barcelona Clinic Liver Cancer. iγδT, intratumoral γδT; pγδT, peritumoral γδT 
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factors such as with HBV infection (Table 3) . The prognostic power with early-stage HCC was further strengthened by multivariate analysis (P = 0.038; Table  2 ).
Discussion
It had been reported that immune status of tumor microenvironment in situ was an important element in the prognostic classification of HCC (El-Serag and Rudolph, 2007) . Our previous reports supported the relations between various immune cells (including regulatory T cells (Gao et al., 2007) , memory T cells (Gao et al., 2012) , dendritic cells (Cai et al., 2006) , neutrophils (Li et al., 2011) , mast cells (Ju et al., 2009) , and activated hepatic stellate cells (Liao et al., 2013) in tumoral or peritumoral tissues with different survival outcomes. Our previous study also showed that the percentage of γδ T cells in HCC was reduced in tumor compared with peritumoral tissues and advanced tumor had even lower infiltration of γδ T cells, indicating the importance of γδ T cells in the antitumor immunity (Yi et al., 2013a ). In the current study, we observed that the number of γδ T cells was negatively correlated with tumor size grading both in tumoral and peritumoral tissues. More importantly, less counts of γδ T cells in peritumoral tissues were related to higher incidence of postoperative recurrence in HCC patients.
Our present data displayed that the counts of γδ T cells were much lower in tumoral tissues than that of peritumoral tissues in HCC (Figure 2 ), consistent with previous study conducted by using IHC and flow cytometry. This result was also in accordance with the low levels of intratumoral γδ T cells in other solid tumors, such as renal cancer (Kowalczyk et al., 1996; Inman et al., 2008) . In the tumoral tissues, we found that the number of γδ T cells was positively associated with OS when patients were defined as following subgroups: patients with earlystage (BCLC stage A) HCC, or with single tumor, or with well differentiated tumor, or without thrombi, which indicated that the important antitumor role of γδ T cells in early-stage HCC. Unfortunately, both the infiltration and the cytotoxicity function of γδ T cells were attenuated in advance tumor, which may lead to the underestimation of the prognostic power of γδ T cells in the whole HCC population. Furthermore, the impact of intratumoral γδ T cells was removed by surgery.
The peritumoral tissue, which contained a significant amount of leukocyte infiltration, was long assumed to represent the host response to the malignancy and had the significance of prognostic value in HCC (Ju et al., 2009; Kuang et al., 2009; Kuang et al., 2010; Liao et al., 2013) . In current study, the most important new conclusion was that less counts of γδ T cells in peritumoral liver tissue were related to a higher incidence of recurrence in HCC patients after curative resection. This result was not consistent with our previous finding in the cohort of 240 HCC patients. This discrepancy can be explained as follow: firstly, it was likely that the clinicopathologic features with enormous implications for prognosis of HCC was much different between these two study cohorts, six of which had prognostic value in HCC. Secondly, the current patient cohort contained more cases with earlystage or small tumor, mainly due to the availability of earlier diagnosis and treatment.
It has been reported that hepatitis B virus (HBV) is responsible for 80% to 89% of HCCs in developing countries (Kew, 2012) . In our cohort, we found that about 89.18% of patients had hard evidences with HBV infection. Recently, Wu et al. (2013) has reported that decreased Vδ2 γδ T cells are associated with liver damage in patients with chronic hepatitis B. However, we found the majority of γδ T cells were Vδ1 T cells in normal liver tissue and cirrhotic peritumor tissue in previous study (Yi et al., 2013a) , which may explain that the number of total γδ T cells had no difference between two groups (with or without HBV infection) in this study. Furthermore, the level of peritumoral γδ T cells showed favorable prognostic role for TTR in patients with HBV infection in stratified analysis.
Therefore, we proposed that the peritumoral γδ T cells may represent the host response to the malignancy in HCC and the level of γδ T cells in peritumoral tissues be connected with the abilities of host antitumor immunity and the possibility of recurrence after hepatectomy, especially in early-stage HCC. Our data also demonstrated that some items such as the presence of vascular invasion were prognostic predictors after liver resection, just as reported by Ikai et al. among intermediate to advanced stages of HCC (Ikai et al., 2004) . Although the prognosis of early stage HCC is far from homogenous and existing classification systems have shown limitations on precise prediction of patients' outcome, in consideration of the lack of precise indicator for the early-stage HCC, the absolute counts of γδ T cells in peritumoral tissues will distinguish the possibility of recurrence and guide further treatment after hepatectomy. The current study also provides further evidences to support that the peritumoral immune environment is important in understanding the mechanism of intrahepatic metastasis of HCC. As the front line of defense to prevent tumor growth, the peritumoral tissues, which were endowed with abundant γδ T cells, may play a role in defending metastatic tumor cells. Accordingly, our colleagues had demonstrated that higher level of interleukin (IL)-2 and IL-15, which were important for γδ T cells homeostasis, was significantly associated with a decreased incidence of intrahepatic tumour recurrence and a prolonged overall survival (Caccamo et al., 2005; Zhou et al., 2010) .
In conclusion, on the whole, the present study indicated that γδ T cells in peritumoral liver tissues can predict the postoperative recurrence free survival time of patients with HCC, and also highlighted the important role of the residual liver in recurrence and metastasis. Increasing the function of γδ T cells may become a new strategy for anti-tumor immunotherapy for HCC.
